The antimicrobial susceptibility of 73 Actinobacillus (Haemophilus) pleuropneumoniae isolates from swine in Missouri was determined with a microdilution minimal inhibitory concentration test system. Serotyping was accomplished by means of co-agglutination. Serotype 1 (39/73) and serotype 5 (30/73) were commonly found, whereas serotype 7 (4/73) was infrequently encountered. Most isolates (MIC,,) were found susceptible to ampicillin (amoxicillin), cephalothin, penicillin, erythromycin, gentamicin, and kanamycin. Marked resistance was found with oxytetracycline, tylosin, and sulfadimethoxine. The data indicate that use of ampicillin (amoxicillin) or penicillin may correlate well with the favorable outcome of treatment.
The first case in the United States of Actinobacillus (Haemophilus) pleuropneumoniae was reported in 1963. 9 The microorganism was first named Haemophilus parahemolyticus, then Haemophilus pleuropneumoniae, and now is known as Actinobacillus pleuropneumoniae. 9, 10 It was first identified by culture in Missouri in 198l. 6 Since then 73 outbreaks have been confirmed by the University of Missouri Veterinary Medical Diagnostic Laboratory (UMC-VMDL), between September 1981 and October 1987. Additional cases may have occurred in the field but were not referred to the UMC-VMDL for diagnosis.
Antimicrobial susceptibility tests with A. pleuropneumoniae were first performed using a modification of the standard disk diffusion technique utilizing Eugon chocolatized horse blood agar. l,2,6 However, because the possibility exists that growth inhibition zone sizes may or may not correlate with predicted minimal inhibitory concentration (MIC) values with bacterial isolates of veterinary origin, a microdilution MIC system was utilized. 4 The purpose of this paper is to report the serotypes of and MIC antimicrobial susceptibility data for A.
pleuropneumoniae recovered from Missouri swine.
Materials and methods
Bacteriologic culture methods. Actinobacillus pleuropneumoniae was recovered from lungs of pigs referred to the UMC-VMDL by practitioners or recovered from pigs necropsied at the UMC-VMDL from September 1981 to October 1987.
Samples were obtained aseptically from affected portions of the lung and inoculated onto 5% defibrinated sheep blood trypticase soy agar (SBA), a brilliant green agar, a MacConkey agar, a and Eugon 10% chocolatized horse blood agar (ECA). a The ECA plate was incubated at 37 C in a humid atmosphere of 95% air-5% CO, for 24-48 hr. All other plates were incubated in a standard incubator at 35 C. A commercial quad plate was used to determine X and V requirements of suspected A. pleuropneumoniae isolates. b Criteria described by Carter were used for final identification, along with serotyping. 3, 8 Serotyping. A 24-hr growth of A. pleuropneumoniae was recovered from the surface of ECA plates, suspended in 0.3% formalinized saline, and serotyped c using a co-agglutination test.* Antimicrobial susceptibility testing. The MIC test was modified by using brain-heart infusion broth (BHI) d instead of the standard Mueller-Hinton broth. The BHI broth was supplemented with 0.01% NAD e to meet the growth requirements of A. pleuropneumoniae.
The isolates, depending on growth characteristics, were either inoculated to NAD-supplemented BHI broth and allowed to grow to achieve a turbidity of 0.5 nephelometric turbidity units (McFarland scale) or sufficient colonies were inoculated to trypticase soy broth (TSB) a to achieve the desired density. Final turbidity determinations were made using an API standardized inoculum reader. f Ten microliters of inoculum was transferred to 10 ml of BHI-NAD-supplemented broth and the 96-well custom-made Sensititre tray (Table 1) was inoculated with an automated device g that delivered 50 μl to each well. The trays were sealed with an adhesive plastic and incubated at 35-37 C for 18-24 hr. 5 The MIC was determined visually as the least amount of antimicrobial agent that inhibited bacterial growth. The MIC of sulfonamides was recorded when 80% of the growth, in respect to the controls, was inhibited. g Susceptibility or resistance was recorded according to criteria in Table 1 . Ranges of susceptibility were determined along with MIC levels that inhibited 50% (MIC 50 ) and 90% (MIC 90 ) of the isolates. ll The MIC results were read using a Sensititre reader g coupled with an Apple IIe computer. h Quality control. The Sensititre trays were monitored with a standard quality control (QC) isolate, ATCC 25922 (Escherichia coli), grown in Mueller-Hinton Ca++-Mg++-supplemented broth. i
Results
Bacteriologic cultures. Actinobacillus pleuropneumoniae grew luxuriantly on ECA in the humid 95% air-5% CO 2 atmosphere and did not grow on the other isolation media, which were included mainly to detect Salmonella cholerae-suis and Pasteurella multocida. However, if SBA was cross-streaked with Staphylococcus aureus, small satellite colonies were evident.
The isolates produced positive CAMP reactions and urease. Morphologically, the microorganism was cocco-bacillary and stained gram-negative. In some cases long filamentous forms were observed.
Antimicrobial MIC susceptibility tests. The range of concentrations, antimicrobial agents, and cumulative percentages that inhibited 50% (MIC 50 ) and 90% (MIC 90 ) of the Actinobacillus isolates are presented in Table 2 . The data indicate marked susceptibility to ampicillin, cephalothin, penicillin, erythromycin, gentamicin, and kanamycin as 90% (MIC 90 ) of the isolates demonstrated a MIC within the described range of susceptibility. Spectinomycin inhibited 50% (MIC 50 ) of the isolates at 12 μg/ml. However, 24 μg/ml, which is in the moderately susceptible category, was required to inhibit 90% (MIC 90 ) of the isolates. In like manner, the data (Table 2) regarding trimethoprim/sulfa demonstrated a MIC 50 ) with 0.25/4.75 μg/ml, which is susceptible, and 0.5/9.5 μg/ml, which is categorized as moderately susceptible (MIC 9O ). Marked resistance was encountered with oxytetracycline, tylosin, and sulfadimethoxine as the (MIC 9O ), required values in the resistant category ( Table 2 ).
Serotyping. The A. pleuropneumoniae isolates were found to be predominantly serotype 1, followed by serotype 5. Few isolates of serotype 7 were recovered ( Table 3) . No correlation of antimicrobial resistance was related to serotype.
Quality control. The E. coli ATCC 25922 isolate produced results within acceptable ranges for antimicrobial agents for which data are published: 
Discussion
The microdilution minimal inhibitory concentration (MIC) antimicrobial susceptibility test was chosen because it overcomes several of the limitations of the disk diffusion test. It is a quantitative determination of the degree of susceptibility, not dependent on the subjective interpretation and measurement of zones of growth inhibition and interpolation of zone sizes to MIC values. The actual amount of antimicrobial agent required to inhibit bacterial growth can be determined and not estimated.
The quality control results indicate the accuracy of the Sensititre panels because the MIC values for the QC strain were within acceptable ranges.
Concerns about the apparent resistance of A. pleuropneumoniae to sulfadimethoxine and the use of the BHI broth instead of Mueller-Hinton broth should be discussed. Brain heart infusion broth supplemented with NAD was used because it was the only medium that supported growth of the A. pleuropneumoniae isolates. Thus, potential sulfonamide antagonists could be responsible for the high incidence of resistance noted with sulfadimethoxine, which required >400 μg/ ml to produce a MIC 90 . However, sulfachlorpyridazine required 100 μg/ml (MIC 50 ) and trimethoprim/sulfa required 0.5/9.5 μg/ml (MIC 90 ). If metabolic antagonists were expected to be a major problem, uniform high resistance to all sulfonamide compounds would be expected, and this was not found.
Based on these data, when a Missouri practitioner is faced with an outbreak of A. pleuropneumoniae, the antimicrobial agents of choice are penicillin and ampicillin (amoxicillin), as little resistance was encountered with these drugs. When penicillin is used, it should be administered parenterally, using 66,000 units/kg. All the pigs in the pen and all the pigs in adjacent pens should be treated.' Due to the MIC 90 of tylosin, sulfadimethoxine, oxytetracycline, trimethoprim/sulfa, and spectinomycin, these antimicrobial agents would best be reserved for use after susceptibility results predict that they may be effective. This may or may not be the case with the other localities, so a practitioner should confer with local diagnostic laboratories to make these determinations.
On rare occasion, resistance was encountered with oxytetracycline, penicillin, and ampicillin simultaneously, and other antimicrobial agents had to be considered. However, when gentamicin, sulfachlorpyridazine, trimethoprim/sulfa, spectinomycin, or erythromycin are used, a client-patient relationship must exist, and caution regarding extra-label use, tissue irritation, and residues must be considered by the practitioner.
